Rapidly evolving transients form a new class of transients which show shorter timescales of the light curves than those of typical core-collapse and thermonuclear supernovae. We performed a systematic search for rapidly evolving transients using the deep data taken with the Hyper Suprime-Cam Subaru Strategic Program Transient Survey. By measuring the timescales of the light curves of 1824 transients, we identified 5 rapidly evolving transients. Our samples are found in a wide range of redshifts (0.3 ≤ z ≤ 1.5) and peak absolute magnitudes (−17 ≥ M i ≥ −20). The properties of the light curves are similar to those of the previously discovered rapidly evolving transients. They show a relatively blue spectral energy distribution, with the best-fit blackbody of 8,000 -18,000 K. We show that some of the transients require power sources other than the radioactive decays of 56 Ni because of their high peak luminosities and short timescales. The host galaxies of all the samples are star-forming galaxies, suggesting a massive star origin for the rapidly evolving transients. The event rate is roughly estimated to be ∼4,000 events yr −1 Gpc −3 , which is about 1 % of core-collapse supernovae.
INTRODUCTION
Over the past decades, various types of supernovae (SNe) have been studied, and general understanding of progenitors and explosion scenarios for normal types of SNe has been established: Type Ia SNe (SNe Ia) are thermonuclear explosions of white dwarfs while SNe II and SNe Ibc are explosions caused by core-collapse of massive stars (>8 M ⊙ ). However, recent dedicated timedomain surveys with various depths (e.g., Sloan Digital (Kasliwal et al. 2010) , iPTF 16asu from Palomor Transient Factory (Whitesides et al. 2017) , KSN2015K from Kepler mission (Rest et al. 2018) , SN 2017czd (Nakaoka et al. 2019) , AT2018cow (Prentice et al. 2018; Perley et al. 2019) , SN 2018bgv (Lunnan et al. 2019) , SN 2018gep (Ho et al. 2019) , SN 2019 bkc Prentice et al. 2019 ), SN 2018kzr (McBrien et al. 2019 and SHOOT14di . Also, a few systematic searches have been performed and 14 and 72 rapidly evolving transients have been identified with PS1 (Drout et al. 2014) and Dark Energy Survey (DES, Pursiainen et al. 2018) , respectively.
The light curves of these rapidly evolving transients evolve faster than those of normal SNe both in the rising and declining phases. Their luminosities show a large diversity, ranging from absolute magnitudes of −15 to −22 mag. Their progenitors and power sources have not yet been clarified. For example, radioactive decays of 56 Ni, the primary power source of many types of SNe, cannot reproduce the light curves of luminous rapidly evolving transients (Drout et al. 2014; Pursiainen et al. 2018) . Also, although some spectroscopic data are taken for rapidly evolving transients, some of them only show blue continuum and a lack of strong absorption/emission lines. Interestingly, the event rate is not negligible among all types of SNe: it has been estimated as 4,800 -8,000 events yr −1 Gpc −3 (Drout et al. 2014) , which corresponds to about 1% of that of core-collapse SNe.
There are some suggestions for the explosion scenarios of rapidly evolving transients, including transients associated with shock breakout from massive stars (Drout et al. 2014) , or from circumstellar material (CSM, Drout et al. 2014; Rest et al. 2018; Arcavi et al. 2016) , ultra-stripped envelope SNe (Tauris et al. 2013; Moriya et al. 2017) , electroncapture SNe (Moriya & Eldridge 2016) , magnetarpowered SNe (Whitesides et al. 2017; Arcavi et al. 2016) , failed core-collapse SNe (Moriya et al. 2010) , explosions of extended Wolf-Rayet stars (Kleiser & Kasen 2014) , tidal disruption events (Drout et al. 2014; Kawana et al. 2019 ) and peculiar thermonuclear explosions (Shen et al. 2010) . Since rapidly evolving transients have a large variety in their timescales and peak luminosities, they may have multiple origins (Drout et al. 2014; Pursiainen et al. 2018) .
In this paper, we present our search for rapidly evolving transients using the data from the Hyper Suprime-Cam Subaru Strategic Program Transient Survey (HSC-SSP Transient Survey). Compared with the past surveys, the HSC-SSP Transient Survey is deeper, which enables us to detect objects at high redshifts, and covers the ultraviolet (UV) wavelengths in the rest frame. This paper is structured as follows. In Section 2, we give a brief overview of the HSC-SSP Transient Survey and our criteria for sample selection. We present our samples in Section 3, and then show photometric properties in Section 4. In Section 5, we show properties of the host galaxies of our samples and discuss the event rate of rapidly evolving transients as well as possible power sources. In Section 6, we give conclusions of our paper. Throughout of the paper, the magnitude is given in the AB magnitude system. All calculations in this paper assume Planck13 model; a flat ΛCDM cosmology with H0 = 67.8 km s −1 Mpc −1 , Ω m = 0.307 (Planck Collaboration et al. 2014 ).
OBSERVATIONS AND SAMPLE SELECTION

HSC-SSP Transient Survey
We use the observational data from the HSC-SSP Transient Survey (Aihara et al. 2018; Yasuda et al. 2019) . The survey around the COSMOS field was performed over 6 months from November 2016 to April 2017, covering the 1.77 deg 2 Ultra-Deep layer and the 5.78 deg 2 Deep layer, with the cadence of 7-10 days using the g-, r-, i-, z-and y-bands (Yasuda et al. 2019) . Note that the y-band data suffer from scattered lights (Aihara et al. 2018) , and therefore, we do not use the y-band data for our analysis as in Yasuda et al. (2019) . Limiting magnitude in each epoch was estimated by detecting and measuring artificially injected point sources into the CCD images (see Yasuda et al. 2019 for more details). Derived median depths per epoch are 26.4, 26.3, 26 .0 and 25.6 mag in the g-, r-, i-and z-bands for the Ultra-Deep layer, and ∼0.6 mag shallower for the Deep layer. Compared to the past surveys such as PS1 and Dark Energy Survey, the HSC-SSP Transient Survey adopts longer cadence and a fewer number of filters on the same epoch, but it is much deeper. This better sensitivity enables us to find objects at high redshifts.
In this survey, 1824 SN candidates were identified by Yasuda et al. (2019) . To identify the host galaxies of the candidates, the closest object in the reference images was selected as the host object. At this stage, clear misidentifications were corrected by visual inspection (Yasuda et al. 2019) . Then, the host objects were matched in a search radius of 0.5 arcsec with SDSS DR12 (Alam et al. 2015) , PRIMUS DR1 (Coil et al. 2011; Cool et al. 2013 ), VVDS (Le Fèvre et al. 2013 , zCOSMOS DR3 (Lilly et al. 2009 ), 3D-HST (Skelton et al. 2014; Momcheva et al. 2016) , COSMOS2015 (Laigle et al. 2016 ) and HSC photo-z catalog (Tanaka et al. 2018) .
Through the template fitting of SALT2 SN Ia light curves (Guy et al. 2007 (Guy et al. , 2010 , 433 objects out of 1824 SN candidates were labeled as genuine SNe Ia. It is noted that, since the purpose of the template fitting in Yasuda et al. (2019) is to identify genuine SNe Ia with standard properties, the remaining 1391 objects may still include SNe Ia. We therefore perform multitype template fitting for all the 1824 objects by using sncosmo package (Barbary et al. 2016) . For SNe Ia, we use the SALT2 template (Guy et al. 2007) . We varied the stretch parameter (x1), the color parameter (c), the maximum brightness, and the peak time as free parameters. For SNe II and SNe Ibc, we use 27 and 15 templates constructed from the SNANA package (Kessler et al. 2009 ), respectively, to take into account the variety of the light curves. We varied the maximum brightness and the peak time as free parameters. The extinction is not included for SNe II and Ibc fitting. Finally, the best fit χ 2 value for each type are used to select candidates of rapidly evolving transients (see the next section for our criteria).
Selection Criteria for Rapidly Evolving Transients
To identify rapidly evolving transients from the 1824 objects, the timescale of each sample has to be quantified. Drout et al. (2014) classified their rapidly evolving transients based on the rise and decline rates from the peak in the observed frame. Pursiainen et al. (2018) performed a Gaussian fitting to the light curve in the observed frame and selected the rapidly evolving transients according to the full width half maximum (FWHM) of their best fit Gaussian function. In this paper, we perform a Gaussian fitting to the light curves in the rest frame by using the spectroscopic redshifts (if available) or photometric redshifts of host galaxies taken from COSMOS2015 catalog (Laigle et al. 2016) and HSC photometric redshift catalog (Tanaka 2015) . Then we select rapidly evolving transients based on the FWHM of the best fit Gaussian function for each object in the rest frame. Since the shapes of the light curves of rapidly evolving transients are still uncertain, we adopt the Gaussian function not to rely on specific assumption on the light curve shapes by following Pursiainen et al. (2018) . In Figure 1 , we present examples of the Gaussian fitting for two objects: one is classified as genuine SN Ia by template fitting and the other is not. As shown in Figure 1 , the Gaussian function in flux gives a reasonable fitting, which is adequate to systematically quantify the light curve width. Figure 2 shows the distribution of the measured FWHMs in the i-band.
In order to define the criteria to select rapidly evolving transients, we generated light curves of normal SNe Ia, II and Ibc using available templates (SNe Ia: SALT2 template from Guy et al. 2007, SNe II and Ibc: the SNANA packages from Kessler et al. 2009 ). Then we derived FWHMs of the simulated light curves by the Gaussian function fitting using sncosmo package (Barbary et al. 2016) . For the simulations, we first assume observing schedule and sensitivity of the HSC-SSP Transient Survey. Then we generate mock SNe by assuming the peak absolute magnitudes of each type of SNe as follows: (Richardson et al. 2014) . For the SNe Ia template, x1 and c are stretch and color parameters, respectively. We assume zero extinction for the simulations of SN II and Ibc. This assumption does not affect the FWHM distribution, and only affects the maximum redshift at which SNe can be detected. In Figure 3 show the distribution of the derived FWHMs for each type of simulated SNe in three different redshift ranges. We note that, since SNe II and Ibc are fainter than SNe Ia, a large fraction of simulated SNe II and SNe Ibc at z ≥ 0.6 do not satisfy our detection criteria (see below for more details). Figure 4 presents the redshift dependence of the FWHMs of the simulated SNe. Note that the cutoff redshift for the simulated SNe is set by the peak magnitude of each type of SNe and the sensitivity of the HSC-SSP Transient Survey. It is worth noting that the FWHMs of the light curves in the rest frame in a certain observed filter depend on the redshift. This is primarily due to the fact that, at higher redshifts, we observe shorter wavelengths in the rest frame, where the intrinsic light curves tend to be narrower. Another factor is that the number and significance of the detection is lower at high redshifts. Then the light curves tend to be sampled only around the maximum. When the slower decline after the peak is missed, the FWHM tends to be shorter for such light curves. Therefore, we decided to impose redshift-dependent criteria for the FWHMs.
Through the measurements and simulations described above, we define the criteria to select rapidly evolving transients from the 1824 objects as follows: 1 : More than 5 detections in total beyond 5σ in the 4 bands (g, r, i, and z). 2. The light curves have data in both pre-and postmaximum, both in the i-and z-bands. 3. Redshift of a host galaxy is determined by spectroscopy or photometric redshift with an error smaller than 10% is available. 4. The best-fit reduced χ 2 of the template fitting (SNe Ia, II, and Ibc) is greater than 2.0. 5. The FWHMs in the rest frame satisfy the following conditions. 5a. 0 < z ≤ 0.5: FWHM in the i-band is less than 23 days and FWHM in the z-band is less than 24 days. 5b. 0.5 < z ≤ 1.0 : FWHM in the i-band is less than 18 days and FWHM in the z-band is less than 20 days. 5c. 1.0 < z : FWHM in the i-band is less than 15 days and FWHM in the z-band is less than 18 days. We set the first, second, and third criteria to accurately measure their timescales in the rest frame. The fourth criterion is set to remove normal types of SNe. For the fifth criteria, we only use the i-and z-bands because the HSC-SSP Transient Survey has more epochs in the iand z-bands than in the g-and r-bands, and thus, the FWHMs of the i-and z-bands are more reliable.
Note that Arcavi et al. (2016) also searched for transients with short timescales. Their aim was to find out the transients which showed a rapid rise (∼10 days) to a luminous peak (∼ 5 × 10 43 erg s −1 ). Our criteria are tuned to select the transients with a very short timescale regardless of a peak luminosity, and not designed to identify the object like transients reported by Arcavi et al. (2016) .
By applying these criteria, we identified 5 objects as the rapidly evolving transients from the HSC-SSP Transient Survey ( Figure 5 ). In the following sections, we present the properties of these transients.
SAMPLE OVERVIEW
In this section, we give an overview of the rapidly evolving transients identified with the HSC-SSP Transient Survey. In Table 1 , we summarize basic information of our samples. For two objects among our samples (HSC17auls and HSC17bhyl), redshifts are obtained through spectroscopic observations of their host galaxies. For the other three transients, the redshifts are estimated by multi-color photometric data: COS-MOS2015 catalog (Laigle et al. 2016) Table 1 and following discussion. Note that our criteria for FWHMs are quite uncertain at redshifts beyond 1.0 ( Figure 4 ) due to the poor understanding of spectral energy distribution of normal SNe at rest frame UV wavelengths. In fact, the redshift of the host galaxy for HSC17bbaz is z = 1.48. By assuming this redshift, the offset from the host galaxy is rather large (25.69 kpc, see Section 5.1). Therefore, we cannot fully exclude the possibility that the real host galaxy of HSC17bbaz is located near the position of the transient but it is not detected by the HSC-SSP survey. For example, if the real host galaxy were located at z = 1, the FWHM would be 20 and 21 days in the i and z band, and the peak magnitude would be −18.95 mag in the i band. Then, the properties of HSC17bbaz are consistent with SNe Ia. For this case, since the limiting magnitude of the reference image of HSP-SSP Transient Survey is ∼ 27 mag, the host galaxy must be fainter than -17 mag in absolute magnitude, which might also be possible. By these reasons, we regard HSC17bbaz (z = 1.480) as a marginal candidate of a rapidly evolving transient.
We present the absolute-magnitude light curves of our samples in the rest frame ( Figure 6 ). The light curves are shown with respect to the i-band peak epoch. The log of the photometric observations for our samples in the observed frame is listed in Table 4 . For the absolute magnitude in Figure 6 , a simple K-correction is applied as M = m − µ + 2.5 log(1 + z), by considering only the term of the cosmic expansion from the full K-correction (Hogg et al. 2002) . Here M is the absolute magnitude and m is the observed magnitude. The red solid line represents a light curve of SN Ia simulated at the same redshift by using the SALT2 model with the mean value of parameters (E(B − V ) = 0.0, x1 = 0.945, c = −0.043; Scolnic & Kessler 2016) . The gray lines show the i-band light curves of the rapidly evolving transients found in PS1 (Drout et al. 2014 ). All of our rapidly evolving transients show timescales shorter than SNe Ia, which confirms the validity of our selection criteria. And the timescales of our samples are similar to those of the rapidly evolving transients found by PS1.
In Figure 7 , we summarize the peak absolute magnitudes as a function of redshift in each observed band. The redshifts and peak absolute magnitudes have a large variety with the range of 0.339 ≤ z ≤ 1.480 and −19.76 ≤ M i ≤ −17.53. Compared to the samples from PS1 (Drout et al. 2014) and Dark Energy Survey (Pursiainen et al. 2018) , the redshifts of our samples tend to be higher while the range of peak magnitude is similar. In order to quantify the timescales of the light curves, we measure the rise and decline times for our samples. We define the rise (t 1/2,rise ) and decline times (t 1/2,decline ) as the times between the observed peak epoch and the epochs when the flux is half of the peak flux by linear interpolation in the magnitude. The errors of timescale are also estimated by assuming linear time evolution. Thus, they may have large uncertainties depending on the timings of the observations. Although we have an estimate of the peak epoch and light curve width from the Gaussian fitting, we use the observed peaks and measure the time with respect to it. This is because the peaks estimated by the Gaussian fitting can be biased to a later epoch when the light curve shows a slower declining tails.
In Figure 8 , we present relations between the t 1/2,rise and t 1/2,decline in each observed band. We also summarized the measured t 1/2,rise and t 1/2,decline in Table  2 . In most of our samples, the rising time is shorter than the declining time. Figure 8 also includes the same timescales for the rapidly evolving transients from PS1 (Drout et al. 2014 tain band is not straightforward. Nevertheless, both the rise and decline times as well as the relation between them are similar to the results from PS1 (Drout et al. 2014 ).
Temperature and Luminosity
To characterize the spectral energy distributions of the rapidly evolving transients, we perform blackbody fitting to our samples and estimate temperatures and radii at their peak epochs. Since we do not have all the four-band data in the same epoch, we use the peak epoch in the i-band and derive the flux in the other bands by linearly interpolating the magnitudes (see Figure 6 ). Then, we convert the magnitudes to flux densities in the rest frame, and perform blackbody fit in the rest frame. The estimated temperature at the peak for our samples is summarized in Table 2 Figure 9 shows the best fit results of our samples. We note that, HSC17auls lacks r-band observations around its i-band peak, so that the linear interpolation resulted in the very unrealistically peak magnitude of the r-band.
The derived temperatures range from 8,000 K to 18,000 K with a median of ∼14,000 K (see Figure  10 ). The temperatures of HSC17bbaz and HSC17dadp, which are located at z > 0.8, are lower than 10,000 K, and this is somewhat lower than the temperatures derived for the rapidly evolving transients from PS1 (Drout et al. 2014) . A possible reason is that these samples are located at higher redshifts and we observe shorter wavelengths in the rest wavelengths (< 3,000 A), which can suffer from higher interstellar extinction. Since there is no way to estimate the extinctions in the host galaxies, the derived temperatures are likely to be a lower limit for the intrinsic temperatures.
In Figure 7 , we show absolute magnitudes in the rest frame (star symbols) by applying K-corrections based Figure 10 . Relation between the best-fit blackbody temperature and photospheric radius. Color points represent our samples and gray triangles represent the samples from PS1 (Drout et al. 2014) on the blackbody fit. Since the blackbody fitting is performed in the rest frame, we simply use the flux density at the rest wavelength of each filter to derive the K-corrected, absolute magnitude in the rest frame. Note that the large differences between the observed g-band magnitudes and the K-corrected, restframe g-band magnitudes of HSC17bbaz (z = 1.480) and HSC17dadp (z = 0.830) are due to the fact that the observed g-band corresponds to the rest wavelength of < 3000Å and the observed flux is largely attenuated there (Figure 9 ). The large difference in the r-band data of HSC17auls is caused due to the lack of r-band data near the i−band peak. The estimated photospheric radii are 3 × 10 14 − 6 × 10 15 cm. By assuming that the time to the peak is twice of t 1/2,rise , these radii correspond to the photospheric velocities of 7,000 -64,000 km s −1 . As the estimated temperature is likely a lower limit as discussed above, the photospheric radii and velocities tend to be overestimated. Therefore, the true velocities are likely to be ∼ 10, 000km s −1 or lower. a All the magnitudes and timescales are given for the i-band. The definitions of timescales (t 1/2,rise and t 1/2,decline ) are described in Section 4.
b Blackbody temperature at the i-band peak.
DISCUSSION
Host galaxies
We present the properties of the host galaxies of our rapidly evolving transients in Table 5 .1. Star formation rates (SFRs) of the host galaxies of rapidly evolving transients can give a clue to the progenitor scenario for this class of transients. Since multi-band data for the COSMOS field are available from the HSC-SSP survey (Aihara et al. 2018) , we can estimate the SFRs based on the multi-color photometry. Here we use the SFRs estimated from the galaxy template fitting code MIZUKI (Tanaka 2015; Tanaka et al. 2018) . MIZUKI performs a fitting with the theoretical templates parametarized by stellar population, initial mass function, dust attenuation and so on. By the fitting, we can estimate the physical parameters using the galaxy templates like stellar mass and SFR.
We find that all the host galaxies of our samples have SFR ≥ 0.1 M ⊙ yr −1 . This means that the host galaxies of our rapidly evolving transients are star forming galaxies. In Figure 11 , we show cumulative distribution of SFRs for the rapidly evolving transients from the HSC-SSP Transient Survey (this paper) and PS1 (Drout et al. 2014) as well as those for normal core-collapse SNe (Svensson et al. 2010) . We performed Kolmogorov-Smirnov (K-S) test and that there is no significant evidence (p = 0.22) that the distribution of SFRs are different between core-collapse SNe and the rapidly evolving transients from the HSC-SSP Transient Survey, although the number of the rapidly evolving transients is limited. This suggests that the progenitors of our rapidly evolving transients may be massive stars.
We also estimated the offsets of the transients from the centers of their host galaxies. They range from Figure 11 .
Cumulative distributions of SFRs of the host galaxies of our samples (red), samples from PS1 (green, Drout et al. 2014 ) and core-collapse SNe (gray, Svensson et al. 2010) . 0.4 to 25.7 kpc. These offsets except HSC17bbaz are within the range of offsets found for core-collapse SNe (Prieto et al. 2008) .
Event Rate
In this section, we estimate the event rate of our rapidly evolving transients. A precise measurement of the event rate requires knowledge about luminosity function and light curve shapes of the transients. However, these are not yet clear for rapidly evolving transients. Thus, we derive an approximated event rate by using the following method which is free from assumptions about the light curve properties. Using index of transient i, redshift z i , observing efficiency ǫ, and survey duration T i (typically T i ∼ 6 months), the event rate can be estimated as follows:
Here V max,i is the comoving volume for the maximum redshift to which the transient is detectable with our data. We assume ǫ = 1. Note that since the cadence of the HSC-SSP Transient Survey is about one week and the observations were performed only around new moon phases, the true efficiency should be ǫ < 1. Therefore, the estimated event rate gives a lower bound.
The estimated individual event rates for our samples are 1,050, 250, 600, 1,600 and 500 event yr −1 Gpc −3 for HSC17auls, HSC17bbaz, HSC17bhyl, HSC17btum and HSC17dadp, respectively. By summing up these (Equation 1), the total event rate is estimated to be ∼4,000 events year −1 Gpc −3 . Figure 12 summarizes the event rates of rapidly evolving transients and normal core-collapse SNe. Although the number of our samples is limited, the estimated event rate is roughly consistent with that from PS1 (4,800 ∼ 8,000 events year −1 Gpc −3 ; Drout et al. 2014 ) and from Dark Energy Survey (≥ 10 3 events year −1 Gpc −3 ; Pursiainen et al. 2018) . This event rate corresponds to ∼1 % of core-collapse SNe events at z = 0.7 (3.86 × 10 5 events year −1 Gpc −3 , Strolger et al. 2015) . Also, the event rate of our rapidly evolving transients is about 50 times larger than that of SLSN at z ∼ 1 (91 events year −1 Gpc −3 ; Prajs et al. 2017) , which indicates that rapidly evolving transients arise from more common stellar evolutionary paths than SLSNe.
Power Source
In Figure 13 , we show the relation between the rise times and the peak luminosities of the rapidly evolving transients from the HSC-SSP Transient Survey and PS1 (Drout et al. 2014) . For the rise time (t rise ), we adopt t rise = 2 t 1/2,rise . This gives a sound approximation for the rise time: the mean t 1/2,rise of our SN Ia samples is ∼10 days while a typical rise time of SNe Ia is known to be about 20 days (Conley et al. 2006 luminosity source of rapidly evolving transients may be different from that of SNe Ia. Figure 13 shows that our rapidly evolving transients share a similar parameter space with the PS1 objects. As shown by Drout et al. (2014) , these rapidly evolving transients are as luminous as normal SNe Ia, but have shorter timescales than SNe Ia. Motivated by similar analysis by Drout et al. (2014) and Arcavi et al. (2016) , we discuss the power source of rapidly evolving transients using the phase diagram ( Figure 13 ). The location in the phase diagram has several implications as discussed below. The dotted lines show the radioactive decay luminosity for given masses of 56 Ni (Nadyozhin 1994) :
where L Ni = 6.5×10 42 erg s −1 , L Co = 1.5×10 42 erg s −1 , τ Ni = 8.8 days, and τ Co = 111 days. The rising timescale t 1/2,rise and the luminosity L of the samples are calculated using the i-band light curves and blackbody fitting to the rest-frame SED, respectively (Section 4).
The rise time can be linked to the ejecta mass, velocity and opacity κ Figure 13 . 2 t 1/2,rise vs observed peak luminosity of our rapidly evolving transients and the rapidly evolving transients from PS1. Lines represent the correlation of t 1/2,rise and observed peak luminosity at given parameters assuming mass of 56 Ni is equal to the mass of ejecta.
Here we simply assume one-zone ejecta and therefore, the exact rise time is somewhat uncertain, depending on the density profile of the ejecta and distribution of 56 Ni in the ejecta. Then, for a given velocity and a rise time, the ejecta mass can be roughly estimated. The dashed lines in Figure 13 show the maximum luminosities from the decay of 56 Ni, by assuming M ejecta = M Ni . For a given velocity, the luminosity of the objects located at upper side of the diagram cannot be explained by the decay of 56 Ni since it requires M Ni > M ejecta . By assuming typical velocity of v ∼ 10, 000 km s −1 , more than half of our rapidly evolving transients are located above this maximum luminosity. This indicates that some of the rapidly evolving transients may be difficult to be explained only by the radioactive decay of 56 Ni. Since the rapidly evolving transients have large varieties in their luminosities and timescales, their power sources may not be explained by a single scenario. Some events seem to be explained well by shock breakout a from progenitor star (Drout et al. 2014) , or from CSM (Drout et al. 2014 , Rest et al. 2018 . Although deep systematic transient surveys such as PS1, DES, and Subaru/HSC can ensure the discovery of a certain number of rapidly evolving transients, spectroscopy is still challenging due to the faintness as well as difficulties in real-time classification. This situation will become more severe in the era of Large Synoptic Survey Telescope (Ivezić et al. 2019) . Classification with limited photometric data and rapid spectroscopic response are therefore essential to obtain more information on the progen-itor scenarios and to understand the nature of rapidly evolving transients.
CONCLUSIONS
We performed a systematic search for rapidly evolving transients using the data taken with the HSC-SSP Transient Survey. We identified 5 rapidly evolving transients. These transients have a wide range of the redshift (0.3 ≤ z ≤ 1.5) and peak brightness (−17 ≥ M i ≥ −20). The timescales of our samples are characterized by a rapid rise (t 1/2,rise ≤ 6 days) and slightly slower decline. Overall properties are similar to the rapidly evolving transients identified with PS1. However, the estimated temperatures for our rapidly evolving transients extend to the lower temperature (∼ 8,000 K). This may reflect the fact that the HSC-SSP Transient Survey probes shorter rest wavelengths, which suffer from larger interstellar extinction.
We estimated the total luminosities and timescales of our samples. We found that some of the objects are difficult to be explained only by the radioactive decay of 56 Ni due to their high luminosities and short timescales. This fact implies the necessity of other power sources such as shock breakout from CSM.
All the host galaxies of the rapidly evolving transients are star forming galaxies, and thus their progenitors are likely to be massive stars. The event rate is estimated to be ∼4,000 events year −1 Gpc −3 , which is ∼1 % of that of core-collapse SNe. The event rate is ∼50 times larger than that of SLSNe, which indicates that rapidly evolving transients arise from more common evolutionary paths than SLSNe. r a 3σ upper limit is given for non detection. b 1σ error is presented.
